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ABSTRACT 


The purpose of the study was to determine the influence 
of three angles (0°, 10°, and 15°) of the swim start block 
on the horizontal velocity of the swimmer on take-off’ and on 
the time of application of the horizontal force applied by 
the swimmer. In addition, the position of the body at the 
time of the strongest recorded horizontal component of force 
and immediately after take-off was examined for each block 
angle and compared. 

The subjects were forty-two volunteer males who had 
had no previous experience in competitive swimming. Over a 
period of eight weeks, the subjects underwent a total of 
fourteen instructional sessions in sprint starting off the 
three different block angles. After the training period, each 
subject was tested on each angle three times for a total of 
nine starts. 

A force-platform, designed in the form of a. starting 
block, was the main apparatus used in the testing. From the 
resulting force-time curves, the following data were deter- 
mined: (1) the horizontal reaction time; (2) the time of 
application of- horizontal force; (3) the. maximum horizontal 
force applied; and (4) the horizontal velocity of the sub- 
ject on leaving the block. 

Recordings were taken of each subject's nine starts. 


The average value of the three trialsper angle was then 
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calculated, and the data analyzed by means of eight two way 
analyses of variance with repeated measures. The influence 
of the block angle on the four dependent variables as well 
as the effect of testing order were thus revealed. 

In order to compare the horizontal movement times, 
reaction times and velocities determined by film analysis 
with data from the force-time graphs, one subject's start was 
erined. The positions of the body during the period of no 
horizontal exertion of force, at the point of maximum hori- 
zontal force application, and immediately after leaving the 
block were also discovered and compared for the three block 
angles. 

In terms of the horizontal velocity obtained by the 
swimmers, a significant difference was found between the 
three block angles such that the horizontal velocity produced 
from the 15° block was significantly greater than that from 
the 10°-block.. However, the horizontal. velocity from the 
flat block was statistically equivalent to that of both the 
15° and.10° biockss» No, significant; effect, due, to. block angle 
was discovered when either horizontal reaction time, time of 
application of horizontal force, or maximum horizontal force 
was examined. 

In view of the statistical results, it was, concluded 
that no advantage is gained by using sloped blocks. If 
slanted-platforms are'to,be used, the 15° block: is,preferable 


to the 10° block when considering the horizontal take-off 
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CHAPTER I - STATEMENT OF THE PROBLEM 
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CHAPTER I 


STATEMENT OF THE PROBLEM 


I. INTRODUCTION 


The incorporation of starting blocks into competitive 
swimming has been a relatively recent occurrence. Even in 
the early »nineteen fifties,.instruction in.the racing start 
was given with reference to starting from the outer edge of 
the deck as well as from a 'starting stand’. 

In 1935, the use of blocks was not considered in the 
description of the ideal start (12). By the late nineteen 
thirties, partially due to the research into the use of 
starting blocks in track (3, 17), some investigations into 
their influence on swim starts were being carried out (1). 
However, according to Armbruster et al. (l)gauptteethat 
time, it had always been customary for swimmers to start 
from a flat-footed position at the edge of the pool. 

At the present time, very few swim meets and no 
international competitions are conducted without starting 
platforms. These blocks are restricted, by the FINA 
(Federation Internationale de Natation Amateur) Rules (10), 
to a height not exceeding 75 centimeters (approx. 30 inches). 

The slanted blocks for swimming were used for the 
first time in Olympic competition in 1968 in Mexico where 


they were set at 15° to the horizontal. Previously, the 
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FINA Rules had stated that the platform might be flat or 
sloped, and that their maximum slope towards the pool should 
not be more than 15 degrees from the horizontal. The 
regulation was altered at the meeting of the FINA Committee 
in Mexico immediately following the Olympics, and the rules 
now require that the maximum slope of the platform towards 
the pool should not exceed 10 degrees. 

Prior to the inclusion ‘of: slanted blocks *in the 
Olympics; *littlevattention was paid; in Canada”and ‘the 
Un®ttéd States S*to “thelr possible *valtve*to the*start ?”"°The 
Russians had been using angled blocks prior to this time; 
and it was partly due to their recommendation that the flat 
blocks were replaced in international competition (16). 

The type of start in effect at this time requires 
that the swimmer, on the command 'take your mark', must step 
forward from the back of the block to take his 'set' 
position. The 10° blocks were substituted for the 15° 
blocks because the swimmers complained that they tended to 
be off-balance and to slip at the steeper angle. Also, 
some coaches have stated that they have found no difference 
between the swimming times recorded after take-off from 
either the“ l0° block: or the 15° block .(16). 

However, no recently published studies have been 
found which deal with the optimum angle of the starting 
block - in terms of either starting time, impulse, or 


velocity of the swimmer on take-off. 
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II. THE PROBLEM 


The purpose of the study reported here was to deter- 
Hivemtnerecr rece of three: angles (0° ,710". 6 15°)" of the 
starting block in swimming on the horizontal velocity of 
the swimmer on leaving the block and on the time of appli- 


cation of the horizontal component of force. 


Secondary Problem. The secondary problem examined was: 
i ne poettion of the body..at the time of, the 
strongest recorded horizontal component of force and 


immediately after take-off. 


Null Hypotheses. 


Ins tbe horizontal velocity of the swimmer.on leaving 
Phe blocks te net significantly affected by the three 
variations in angle of the block. 

2. The time of application ofthe horizontal component 
of force is not significantly affected by the three variations 
in angle of the blocks. 

The -05 Level of G@ieniricance’ of the observed difrer= 
ences was taken as the point at which the null hypothesis was 


refuted. 


Importance of the Study. Angled blocks in swimming are 


a relatively new adaptation to starting. As yet, it has not 
conclusively been determined if the angle provides a benefi- 
cial or detrimental effect as far as velocity on leaving the 


blocks is concerned. 
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A considerable number of studies have been conducted 
in track on the use of blocks (3, 16) and on the best foot 
spacing in: the sprint’ start (18, 25). However, reported 
research on swim blocks has been limited to Armbruster's 
work’ in 1939 (1, 2), oral reports from tests-done by 
coaches and in.other countries (e.g. U.S.S.R.), and Russell's 


studies (34, 35) with force platforms. 


Delimitations. The following were the delimitations 
of the’ study’ 

1. The study was delimited to 42 male volunteer 
students at the University of Alberta. 

2. The study was delimited to three angles of the 


starting: block. 


Limnttations. The) following were the linitations of 
the study: 

1. The age group of the subjects was older than that 
of the average swimmers in present day competition. 

2. The réeswlts-of the etudy may not be- applicable to 


any stroke other than the front crawl. 


DLE. SOEERINELTION OF SEERMS 


Force-Platform (Figure 1). The force-platform is a 
sprint start block designed to measure the horizontal com- 
ponent of ‘force in the line of the start. The block 


incorporates a pivotal point which permits the angle of the 
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platform to be set at any desired angle between O and 40 
degrees. It was designed by Dr. M. L. Howell (Faculty of 
Physical Education), and constructed at the University of 


Alberta, Edmonton, Alberta. 


Sprint Start. The.sprint,.start refers te a:racing 
start in swimming from a standing position on the starting 
block 30 inches above the surface of the water. The start 
begins with the firing of the.starting gun, after a 
preliminary warning at ‘take your mark', and ends the 
moment the individual leaves contact with the starting 


block. 
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CHAPTER II 


REVIEW OF LITERATURE 


I. INTRODUCTORY RESEARCH 


The angle of the starting block in swimming which will 
provide the greatest advantage to the swimmer in terms of 
either starting time, impulse or velocity on take-off has 
still to be determined scientifically. 

Armbruster, Morehouse, and Tuttle (1) conducted a 
study, min ithe clate ‘nineteencthirties, *tusing Bb3’varetity 
swimmers, to determine whether starting blocks were an aid 
or a hindrance to starting. Two blocks were used: A flat 
board to act as if no block were present, and a block set 
at an angle of 20 degrees to the pool edge. The supports 
were electrically adjusted such that, as soon as the swimmer 
left his mark, the circuit closed and the chronoscope 
recording hand stopped, thus indicating the starting time 
in milliseconds for each swimmer. Through the use of a 
sound key circuit, the chronoscope dial hand was. activated 
by the firing of the pistol. The starting time was thus 
defined as the interval elapsing between the pistol shot and 
the time taken to leave the block. Each subject performed 
twenty dives, ten from each block, using their normal stance; 
and, in every case but one, a disadvantage in terms of 


starting time was discovered from the angled starting block. 
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Armbruster et al. had previously done some experiment-— 
ation with different angles of the block (at 10°, 20°, & 30°), 
and had found that 10° was so small that it promised little 
advantage, while 30° was too great an angle as the swimmer 
had difficulty in maintaining his balance while standing on 
it. They finally decided to use a support angle consistent 
with good balance, which appeared to be 20°. 

According to the authors, the fact that the starting 
block gave the swimmers a time disadvantage may have been 
due to the inclined base of support which induced insuffi- 
cient mechanics, thus producing the lack of advantage as far 
as starting time was concerned. They believed their study 
provided conclusive evidence against the use of starting 
blocks due to the fact that they had used highly trained 
competitive swimmers and had acquired consistent, reliable 
data. 

They then conducted two studies dealing with the 
optimum time for holding a swimmer-on his mark (2). The 
timing mechanism was similar to that employed in the previous 
study except that a recording camera was used in place of 
the chronoscope to register the starting time. 1.5 seconds 
was finally determined to be the optimum holding time for 
competitive swimmers to reach their peak of attention 
during a start from a 'set' position. This result compared 
favorably with that stated by Henry (18) as the best holding 


time for sprinters in track. Untrained swimmers had a 
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shorter time of 1.0 seconds which may have been due to the fact 
that the attention of these swimmers was not complicated by 
factors involved in preparation for a forceful start, but 
was directed mainly towards getting off the mark in the 
shortest time. However, the trained swimmers left the block 
in an average time of 0.988 seconds, 0.04 seconds faster than 
the untrained swimmer. The authors thus concluded that 
holding time could not be the only factor involved in starting 
ined 

A comparison of the amount of time taken by swimmers 
to leave the block with that consumed by runners revealed 
that the latter require 0.3 seconds, approximately 0.7 
seconds less than the swimmers' (1). Armbruster et al. 
suggested that the reason for the slow swimming start may 
be due to the modified upright position of the swimmer 
rather than the crouch of the sprinter. The development of 
velocity by the swimmer on leaving the blocks, which is 
greater than that acquired by sprinters (26), may thus 
require a relatively longer time on the blocks. 

Heusner (21) attempted to determine the optimum angle 
of take-off from a starting block 2.5 feet high. Through 
the use of cinematography, he computed that, under normal 
conditions, the average competitor should dive at an angle 
of 13 degrees in order to swim 25 yards in his fastest time. 
If this angle were varied, the swimmer would, on the average, 


be 0.1 seconds slower. However, the determination of the 
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optimum angle was found to vary in relation to the weight 

and height of the swimmer, his vertical jumping ability, his 
gliding ability, and the desired swimming speed. He con- 
cluded that an angular deviation of less than 9 degrees 

from the optimum angle would affect a swimmer's time by 
somewhat less than 0.1 seconds. In many races, swimmers 
often finish within less than 0.1 seconds of each other; thus 
a poor start could make the difference between winning and 
simply placing. 

According to Bunn (5), the body should leave the 
starting block in an extended position in almost a-horizon- 
tal plane in order to project the body the greatest distance 
before entering the water. In order to direct the force 
as close to the horizontal as possible, the entry should be 
as acute as possible. He stated that the angle of entry 
depends mainly upon the power of push-off of the swimmer 
and upon the height of the platform above the surface of 
the water; thus each swimmer should determine his best 
entry -by-trial. 

Jensen (24) compared the mean times required for his 
subjects to swim 60 yards from a dry body and a wet body 
start, and found that the dry start resulted in faster times, 
but the difference between the starts was not significant. 
He suggested that the difference may have been due to the 
sudden plunge into cold water causing an increase sR se sd eq) 


release of catecholamines from the adrenal glands. 
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The controversy concerning the most effective appli- 
cation or movement of the arms during the start was examined 
by Russell (35) using the specially-designed force platform 
used in the present study. He measured the movement times 
resulting from three different arm actions (the arms back 
Startyethe, full®armht circle; and*®the partial*arm circle 
starts), and discovered that the partial arm circle resulted 
in the fastest movement time. 

However, later, when using a starting block fixed to a 
triangular shaped force platform (34), he found no signifi- 
cant difference between the three types of starts either in 
movement time or in the velocity of the subjects on leaving 
the blocks. “He also discovered that velocity could not be 
predicted from a knowledge of movement time alone. The 
amount and duration of the force exerted by the swimmer 
was also an important factor to consider. Thus, a long 


movement time did not necessarily result in a high velocity. 


II. USE OF FORCE PLATFORMS 


Since the late 19th Century, man has been endeavoring 
to measure and analyze performance objectively through the 
use of mechanical instruments which record force or pressure. 
The main principle underlying these mechanisms was Newton's 
Third Law: 

"To every action there is always opposed an equal 


reaction: or, the mutual action of two bodies upon 
each other are always equal, and directed to contrary 


parts." 
Newton's Principia (6) 
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Marey (28), in 1874, attempted to measure the force 
exerted by man during running and walking and to ascertain 
the principle characteristics of these modes of progression 
by putting a pneumatic device in the built-up sole of a shoe, 
and then analyzing the resulting curves. Carlet, a student 
of Marey's, is reported (9) to have improved on Marey's 
experiment by placing a pressure bulb in the heel as well as 
in the sole of the shoe. 

Late, in 1895, Marey (29) made use of a dynamographic 
platform which measured and also recorded, by a lever on a 
tracing, the amount of vertical foot-pressure or force 
exerted on the platform. Realizing that his dynamographic 
platform alone would be unable to determine all the actions 
of the different parts of the body, he advocated the employ- 
ment of geometrical chronophotography in.conjunction with the 
use of the platform. Marey and Muybridge were the first 
investigators to use chronophotography as a means of: eval- 
uating movement. 

Little more was reported in the area of movement in 
relation to force-time curves until 1934, when Kistler (25) 
used two adapted spring scales to measure the 'force, drive, 
or pressure' on the front and back blocks in. track to 
determine the maximum force as well as the distribution of 
the force exerted by the feet upon the blocks when starting 
from four different starting positions - the bunch, the 


natural, the medium, and the elongated stances. Because the 


: i‘ /, F 
if u 6 oe e . 7 <i 
’ ; . ' j 7 Ad? ; 


f 
99102 oft savesem 09 bstqmeass ,ANBI wt Bs 
alstieoes o3 bas gntidisw besa gatagsus Perrers ake 


gsoleestgorg to asbom sesd3 to cktettesosasie eit 


ar. 


26 to sloe gqu-tliud sit at sstved oibtamene: &. gad 


. 


atebystea s ,39i789 .@svIn9 gatiiuess ody geiselene.a 
aor 


_ 


e'ystsM no boevorqmi svs ei a3 (2) boa10qger et teas SM ie 
es [Iisw es Issd sedi at dLikd sive esta: & gaioselq “ cae 


sede oii te sion @ : ae 


1 
i; hi 


Sisiqstgomsnyb s to sev sham (es) corel ., 2281 ai saad 
P - 


B no revel s yd ,bobtosem esis bas betsessm doitdw. mro27 
7. a ay ot 

eo%0% z0 eideestq-2003 Isotiisv io. sanGmen aa: yentoadll 
ie 5 


~ 


oidgsigomsny atd jsd3 geisiised  arretsate od? ao bey 


1 5 ; ba 
saotios off fis satmisisb o3 sidsap-ed bivow enols m2102 


Was 


-yolums ada: bodssovbs sd »thed eds 30..99%09 imox982kb. ods 
eit dtiw aottonytaoo nt ydgs 1gov0dqonorde Iaobta9mosg 2 
tart3 ods Siow sgblidyuM bas yeaah auch 


-~isvse to 2ensom 8&8 2s tigsigotodqonends | sau 3 sroamenan 


{@28) xofsetX nodw ,df0L itsaw sevxua omt2-sa20% 02 


<Svitb <99%T01" sot styveasom oF eelsse gaizgs pape 
| f aes a 
rq: 


o3 42ers mt e As0lfd Aosd bas sins aad ao 's 


a ‘ 
4. 


29 noitudiztetb sd3 es the SW e@5 eo70} montxem 93 


A GSS 
pakszese -pestw edoold oly noqu de02 sa Nan 


s #3 <ionue . m4 8 
. effs a aaah pee ite 
awe moet 


eo? 


i‘ 


ae ies 3 
<i | as f .~ 


12 


rear block was set at a little less than 90 degrees, the 
force measured was that component of the total force exerted 
nearly parallel to the ground; whereas the force recorded by 
the front foot was from a: block angled at approximately 

45 degrees to the ground. 

In 1938, Elftman (9) devised a force-plate for the 
measurement of the external forces exerted by a subject when 
walking. Cunningham and Brown (8) later, in 1952, developed 
the basic design of the - force platforms which are now being 
used and remodelled (13). In general, these instruments 
were developed and used in order to measure simultaneously 
and accurately all the forces which act on the body when 
walking. Cunningham was concerned with obtaining information 
which would help to improve the structure of artificial limbs; 
whereas, Marks and Herschberg (30) were interested in anal- 
yzing the hemiplegic gait. The latter combined the use of 
the force-plate with a stroboscopic or interrupted-light 
camera in order-to show the relative position at 1/5 second 
intervals of each segment of the lower limb throughout the 
walking cycle. 

The track sprinters' horizontal force-time curves, 
recorded on a chronograph connected to spring-loaded starting 
blocks, were analyzed by Henry (18), in 1952, in order to 
determine the characteristics of four sprint starts in terms 
of impulse. He used starting positions similar to those of 


Kistler's study, and found that the medium start produced 
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the strongest impulse, although the bunch position resulted 
in the fastest start. Thus, he ascertained that, by increas- 
ing the force-time interval, the velocity off the blocks was 
increased. He concluded that, although the correlation 
between the individual starting impulse and sprint time over 
59, 10, and 50 yards was not high, it was significant and 
positive. 

Using the same apparatus as Henry, Howell (23) deter- 
mined the effect on learning of showing the student the. 
difference between his force-time graph and a representation 
of the desired force-time pattern for the’sprint:» start. In 
order to do this, two groups were formed - a control group 
and an experimental group. After a month of training, the 
experimental group was able to achieve a higher starting 
block velocity on the average than was the control group. 
Thus, Howell has shown that the inspection of force-time curves 
durang craining was’ beneficiai™in Tearnin’g* the* sprint? start. 

In the nineteen fifties, the force platforms were 
designed and constructed mainly for the purpose of improving 
work techniques and measurement. Lauru (27) built a force 
platform, using piezo-electric crystals as sensing elements 
to emit electrical impulses which were amplified and 
displayed: onan oscillograph. He recorded the vertical, 
frontal, and transverse forces produced by bending the knees 
and straightening up, as well as the movements of the limbs 


involved when a subject lifted, with his right arm at his own 
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speed, various weights from the ground to a height of 30.5 
inches. He discovered no direct measurable relationship 
between the external work produced and the internal effort 
resulting from the integration of the mechanical forces 
produced by the muscle fibers; but he did find that the 
force platform method of analysis was-a quantitative crit- 
erion which measured muscular effort independent of any 
psychological influences. 

Greene and Morris (14) also advocated the use of the 
force platform as a means of measuring work due to the fact 
that it does not involve any hampering equipment, and thus it 
allows the worker to perform his task normally. They rede- 
signed the apparatus using a Linear Variable Differential 
Transducer, rather than piezo-electric crystals, and a Brush 
Universal ‘Analyzer, ‘in’ place fof an ‘oscilloscope. * The 
finished product was an extremely sensitive platform which, they 
maintained,could detect the human heart beat of a subject. 

Using a force platform with “strain gauges’ ‘as “a- trans- 
ducer, as well as a grasp transducer bar, Whitney (37) 
studied the maximum isometric force that could be exerted on 
a horizontal bar in terms of four independent variables. 
Forces, both horizontally and vertically applied, were 
recorded simultaneously by a multi-channel galvanometer from 
both the force platform and the grasp transducer bar. The 
middle two-thirds of the graphs produced were examined to 


determine the performance of each of the 8 subjects under 
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the specified conditions. Whitney analyzed 576 separate 
lifting operations with regard to the 36 possible combinations 
SietCotepiacement (30, 40, or 50 cm. apart), grasp type (over- 
hand or,underhand),.grasp.height (12.5,,.25.0,-or 50 cm.).and 
lifting action (leaning over with straight legs or bent knee 
lift). He determined that, in most practical lifting opera- 
tions, the most important variable was foot placement, in 
conjunction with the mechanism of body weight counterbalance. 
Contrary to many beliefs, he found no appreciable difference 
in the lifting strength when the action was performed with the 
knees extended throughout, as compared with that when the 
knees were bent and participated in the action. 

Peterson, Brookhart, and Stone (32) also made use of a 
force platform with strain. gauges... They. measured. the, forces 
exerted individually by a dog's feet while standing, and found 
little error.due to. transducer, or recorder noise, transducer 
or recorder non-linearity, reading error or vertical accelera- 
tion of the dog when they compared their readings with the 
expected readings. They suggested that force plates of differ- 
ent sensitivities, dependent on the needs of a specific task, 
could be contructed using strain gauges. 

Preston (33) discovered in his study, as did Howell, 
that knowledge of results of reaction times and force-time 
curves on the part of the subjects aided in their "methods 
éonscdoucness!.. .He also found, that chronocyclegraphy.., the 


use of a polaroid firm which can accommodate cycle times of 


or , t 

eL : > (Oat) 
f me 

e3 < .? 


= a a, "7 a 5 = ‘) 
sitstatse 8c bssylsos yoaositw -2n0535bn09 & 
~ryea> 


oa 


: : a | Of Lae 
anclisatdmoo sldisecaq dt sf3 0s besgse djiw efotigx 


” 


4, 
-rteve) eaqys geazg ,(ixeqs .mo OC roO, ,0d ~OE)Y jnomsoalq 


} ‘ 5 ce =o ac > @¢f% 
boas (.aro 0c to  .fiecS. cs Sb) 
af | rc > a i r 
J if 5 iQ PB Ide f 


7 —— 7 > J ar 
-~azeqo aatiitl Issitozrg taom ne. 3eas PHAROS Sy» ‘ 
- : . ~a _ 


sou979iiib sidsissiggs on bnte? ef skes isd yosm 02 Ysstio 
c ) i 
its6 93 getfiw d3 1anoxie ackiiit ata 


893 | os SS 5 Z BW A 
<¥ 
. : = os Do a 
3 nar sdi3 a2 bSteqmeo a5 .ivodguo mds bsbaasxe a 2392 
5 cee; . 
-colios sia ot bsteqtoktasg bas 004 a ta 
#2 - 4 —_ S J 


< J F — : << 
s to sev sbsm sels (SE) snes? bas .dashtoced -.sopsesed 
{ 5 2 > i 


= 
; ; - : af. = wry 2 
965263 sd3 Bescandcs vad eae eee : eee 
asoxet sii boeytessm yod) > a9gusg ii de tenet tay he 
: - i 


bavot bes ,gouibasae slidw test e'gob 5 ¥e Ulesbhab bas bs 23 18x9 


A) 


+, 


tsoubeanst? .saton z«sbtooss 30 tsoubanes3 od eub aur es 


~“829i9296 LsxstitIsvy 19 torts gaibes 
sd3t datw aeqibes1 +tisd2 .bsxse¢emos 


- 85gu'ss abet a coson Setanzeea 


«Ybuse std ak Bexs sae coats 


eamit-s°%01 bas esmis sobtossx 2 mata 


aa] 


rs oelgnilaisie at babis e2o9tdoe ad) Ae. 
. o Sy 7 a ie ie 
ro 0% oaks 


 e — = 
es ae 
,4 


16 


up to one minute and which can produce a print in a few 
minutes, helped to stimulate the workers to improve their 
work methods. 

In order to study both the speed and force of reaction 
simultaneously, Preston used a reaction time foot pedal 
which he placed on-a force platform. This equipment measured 
three different components of force determined through the 
use of strain gauges. The results were summed and integrated 
by analog computers, and then recorded on a.seven channel 
Sanborn magnetic tape recorder, a brush paper recorder, and 
on an oscilloscope. The subjects were required to doa 
Harvard Step Test in order to determine their physical. 
fitness index as well as to discover the effect of exercise 
on reaction time. A 30 per cent improvement in reaction 
time after exercise was found as well as an increase in the 
amount of force on the pedal of the reaction timer. Preston 
thus suggested that exercise should be incorporated into work 
routines, and that force platforms and polaroid chronocycle- 
graphs should be used in training programs in order to 
facilitate learning. 

Russell (35) made use of a swimming sprint start block, 
equipped with a transducer and a differential transformer, 
in order to determine the effect of three different arm 
movements on movement time. 

Later, he attached the start blocks to a force platform 


(Preston's) which was placed at the edge of a pool. He then 
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combined cinematography with the analysis of the force-time 
curves in order to determine and compare the movement times 
and leaving velocities, both vertical and horizontal. In 
this case, he found no significant difference between the 
three types of starts; whereas, the partial arm circle was 
somewhat better in terms of movement time in his previous 
study. He reported a correlation of .537 between the two 
techniques (force-time curves and cinematographic) then 
three subjects were compared. 

Lanier (26) compared the two techniques of measuring 
velocity off the blocks in:the track sprint start, and 
found a significant difference between the mean velocities 
as measured by the force-block and by the tracing method. 

He suggested that the relative error in determining the 
velocity may have been twice as large by the cinemato- 
graphical analysis than by the force-block method. 

Blader (4) carried out a general analysis of the 
sprint start using starting blocks which measured both normal 
and tangential forces in the vertical plane along the direction 
of running as well as a couple about an axis perpendicular 
to it. A digital computer analyzed the data from the blocks, 
and the results were produced in the form of resultant 
forces, angles and positions for each foot, both separately 
and combined, at any instant that they were desired through- 
out the movement. The horizontal and vertical components of 


the impulse were determined from the data readouts. 
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Payne, Slater, and Telford (29) have conducted a 
preliminary investigation into the use of the force platform, 
in conjunction with the cine-camera, as a measuring device 
in the scientific skill analysis of seven different athletic 
activities: (1) the vertical jump; (2) the track sprint 
start; (3) the second step of a sprint run; (4) constant- 
speed running; (5) hurdling; (6) shot putting; and 
(7) weight lifting. Records of the components of force 
exerted at the feet were obtained and related to the body 
movements shown on the film. They used an adaptation of 
the force platform of Whitney's, which they sunk into a 
track in order to have it level with the ground. The 
arrangement of the strain gauges permitted measurement of 
three components of linear thrust in vertical, horizontal, 
and transverse directions, and of the three couples in these 
directions about axes through the center of the platform. 
The couple in the vertical plane about the frontal axis 
was the only one used in this study, however. The output 
of each bridge, when subjected to strain, was amplified 
and then recorded in an ultraviolet recorder on direct 
print-out photographic paper. A continuous motion clock 
was used which was electrically connected to the ultra- 
violet recorder and set to mark the positions 0, 0.3, 0.5, 
Aiden esec, on the paper. she pictures from the cine= 
camera were numbered in relation to the vertical lines 


representing times on the graph in order to facilitate 
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their combined analysis. Payne ét al. concluded with the 
suggestion that further studies should be done using force 
platforms which can measure the mechanical principles of 
particular activities more specifically than they had been 
able to do. 

Throughout these studies, there has been indicated a 
gradual improvement in the mechanical efficiency and 
especially in the sensitivity of the force platforms. 
Although originally built to determine both job efficiency 
and forces exerted during walking, force platforms were 
also employed, in the nineteen fifties, to study the 
mechanics-of certain athletic activities, such as the 
track sprint start. The apparatus has been modified con- 
siderably in some instances in order to produce a more com- 
plete analysis of the event in terms of the individual action 
of certain. areas of the body. For example, for both the 
track and swimming sprint starts, specialized force-blocks 
were constructed which incorporated only the basic prin- 
ciples of the force platform in their design, but which were 


capable of measuring the horizontal and/or vertical compon- 


ents of the force exerted. 
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CHAPTER III 


METHODS AND PROCEDURES 


ined SUBJECTS 


The subjects were 42 volunteer male students from the 
University of Alberta who had had no experience in competi- 
tive swimming or starting. Twenty-seven of the subjects 
were registered in beginner-junior swim classes; 10 were 
first year students in Physical Education and the remaining 
5 were swimmers registered in a Water Safety Instructors 
Course. They ranged in age from 17 - 24 years (average 
eee = 19.5 years), in heteht.from,.5 ft. 4 ins. --6 ft. 2 ins, 
(average height = 5 ft. 9 ins.), and in weight from 123 lbs. 


- 196 lbs. (average weight = 154.5 lbs.). 


II. APPARATUS 


Force-Platform. The force platform (Figure 1) was 
designed to measure the horizontal component of the total 
force exerted by the subjects on the blocks, using a Sanborn 
7DCDT displacement transducer (Figure 2) which produced 
a potential difference directly proportional to the force 
exerted horizontally. This potential difference passed 
through a differential transformer and activated the Beckman 
Dynograph recorder (Figure 3). The force-platform was a 


swim start block which permitted the angle of the platform to 
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be set at any desired angle between 0 and 40 degrees. 


Recorder. A Beckman Type RS Dynograph direct writing 
recorder (Figure 3) converted the electrical impulses from 
the transducer, attached to the force-platform, into force- 
time curves by means of a graphical recording. Incorporated 
within the Dynograph recorder were a Type 9806 AB A - C 
Coupler set at a time constant of DC and at a high frequency 
of.1, a Typep4018-Preamlifier adjusted at, 0.5 V/CM, and a 
Type 562 Dynograph Amplifier, whose pre-amplifier was 
positioned at xl. The recorder had 4 channels, of which 
two were used: One produced the force-time curves, and the 
other was used for the event marker. The paper speed was 


set at its maximum of 125 mm./sec. 


Planimeter. A Coradi Compensating Planimeter was used 
to measure the area under the force-time curve obtained from 


the Beckman recorder. 


Starting gun. A regular .22 starting pistol was. 
electrically connected to the Beckman recorder, and to a 
photographic flash attachment during the filming. An event 
marker was incorporated into the recorder, such that when 
the gun went off, a mark was made on the recording paper. 
The firing of the gun was also indicated on the film by’ a 


Plast oteelights 


Timing device, A chronoscope which indicated the time 
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FIGURE 1: 


FORCE PLATFORM 
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FIGURE 3: RECORDER 
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to one hundredth of a second was employed in order to deter- 
mine the speed of the camera, the velocity of the subject on 
take-off, and to co-ordinate the analysis of the force-time 
curves with that of the film. The clock was filmed, using 

a split-lens on the camera, at the same instant as the sub- 


eect performed his start. 


Camera. A 16 mm.motion picture camera, model Beaulieu 
16 EST, was used to film the starts of one subject off the 
three block angles. The focal length of the lens was 12.5 mn. 
A 'split-lens' covered one-half of the lens, thus shortening 
the focal length in order that the photographic flash attach- 
ment’ and the chronoscope could be placed..1.5 feet in front 
of the camera. The subject, the chronoscope, and the flash 
were thus filmed at the same time. A Tri-X Reversal film 


was used, and the film speed was 60 frames per second. 


Reference point. A 16 ft. by 1 ft. board, calibrated 
in inches, was used during the filming in order that accurate 
distance measurements could be made in the plane of the 


start, thus avoiding any error due to lens distortion. 


Training blocks. Three different blocks were used during 
the training period - one standard flat block made of molded 
fiberglass and two angled blocks consisting of angled plat- 
forms made from 37/4 in. plywood and attached to low metal 
starting blocks. The angle of one of the constructed blocks 


was 10 degrees, and that of the other was 15 degrees to the 
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horizontal. All three blocks were regulation height. 


Summary of the Operational Set-up. The force-platform 
was placed in the proper position at the deck edge, and then 
connected, via a.6 volt D.C. Powex,Supply box; to the input 
foree coupler in the Beckman Dynograph Recorder. The starting 
pistol was plugged into the recorder, as well as into the 
flash.@attachment during the filming. All pertinent 1taforna- 
tion was written on the chart paper before each subject's 


dive. 


Cinematography. When filming the starts, the apparatus 
was placed in the position shown in Figure 4. The camera 
was. set on a tripod 18 feet away from, and 6 inches in front 
Of the starting block. Due to the Bélative uncertainty of 
the speed of the camera (10% variation from 64 frames/second), 
a one hundredth time clock was placed 1.5 feet away from the 
camera such that the time was included on the film by means 
of a split lens covering half the regular lens. The strobe 
light was also placed 1.5 feet away from the camera inorder 
that the rapid flash would be recorded on the film the moment 
the gun was fired. The flash was not of such intensity that 
it prevented the diver from being seen on the film, but it 
did hide the time on the clock. Thus, the time of the 
starting frame had to be estimated from the times indicated 
on the frames immediately before and after the initial one. 


The start was filmed from the moment the swimmer was 
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SCHEMATIC DIAGRAM OF OPERATIONAL SETUP © 


FIGURE 4: 
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told to 'take your mark' to the point at which he entered the 
water. At the end of the testing, the calibrated reference 
board was extended horizontally to the water from the center 


of the starting block and filmed. 


III. TRAINING PROCEDURE 


The 42 subjects underwent a total of fourteen sessions 
of instruction in sprint starting over a period of 8 weeks. 


The subjects were divided into six groups ranging in size 


from 6 - 10 people per group. Each instruction period was 
approximately 10 - 15 minutes in length; during which time, 
the subjects performed about 9 dives - at least 3 off each 


of the 3 angles. After the start, they were required to 
swim a few strokes of front crawl as fast as possible. 
During the lesson, the 3 blocks, representing the 3 angles 
(O°, 10°, 15°), were set up at the edge of the pool and used 
by all the subjects. The training blocks were placed so 
that the same block was not always in the same lane in order 
to avoid any tendency on the part of the subjects to follow 
one particular order of diving throughout the program. The 
regular competitive commands were given with the voice 
replacing the use of the gun in most instances. During the 
last two practices,.a gun was used in order to accustom the ~ 
subjects to starting on the sound stimulus. The testing 
block replaced one of the training blocks during the last 


six lessons of the training program. However, the force 


rs SP pore 


=) i 4 
sit bstsias od aubee 48 Intog ena oF ‘dS 18m wor sie oa bho 


Lt ae 
sofsteter Bststditiss sd3 ,gaties2: edt te bas oid 3A waaed 


. 7 ¥ ms - 
t93999 903 mort 183aw sda of eilsinostzod oes Sar 


»bemiti bas das wie golszsie 


SHUGSOORT OMIWIART .1IF s% 
oa 
enoleese asssrgoit to Isi03 8 tnswisbau 23 atta se nal ; 


: : ¥ .f9 
- a = 
.ei93w 8 to botyedq & rs8Vv0 inks ude alae nk doksouzsent te 
i ue 


: ei 
osnt bebivrh stew ajos tae ec 
a 


Lv 


® 
4 
by 
u 
2 
al 
oa 
r= 
i 
06 
= 
u 
tt 
a 
£} 
= 
* 
u 
Gc 
a 
bh 
v 


: Ca Ret? = | , 
botyeq soltswitest dosi quo 19g siqosg OL ~ da on} 
r J = - 
@ ] yy 


; , 1 
,omis dotdw guiteb ;digmel at eosumbe @i.- OL vlessats *sq08 


fioas tio & teesil js - esvB @ tuods bemrotizsq ssontden a a3 


& 


= . te 
Oo? Detivupst s*zsw vsds .331s2e sHF 194, IA .#93 igas € ds to 
- 7 ; ES ate i a: ae ( 
-S9igie2og #26 3882 §5 L%s15 Inox? To esdorse wot 6 


-*) " ~ 


a: 
esigns € sdi1 gutinsestgst ,atooid € siz ,noeast 943 gatrsd 


tr 


~ 
oa beosiq stew ex50ld gaints1i sat .e25S5tdue sd 


webro si soal smee o3 ak ayewis ton asw Asold eeihe 


—J 
; a: » 
wolfot o3 ej5sftdue sit to s7$q S5A38 Oo vidibkes eae ve 
7 j 


sdT .metgotq sit diuodguorda SuEVER: io 25h40 vepbaeved, 


‘eatov ad2 diiw nevis o1ew ebasmmos ovisite ee 
J aa ee 
2 


eda geeeus ,8300ss5e0t Jeom at avg sit to sey 
ae 77 
8d, moseuaos 02 xSbx9 at seu etal ng B® .862 9874 
Feil a 


hy 7 
i 


or ie nF. haan bed ott og) nt 5 : ¥ 


eon Y elt 
, = ; a - 7 
: ee ae loos f ~~ 
Ss) I tab — ae co wii . an 7 ve ’ f 
‘ ' eee a 2.7 rely 
j wee ey Ad 


= 


= 


al 


-_ 4 = -_ 


i 


Bb Fa 


28 


block never replaced a block more than twice. In the third 
to last practice, the force-blocks were connected to the 
Beckman recorder, and the principles causing the resultant 
recordings were explained and demonstrated. Each subject 
then performed a start, and was shown his force-time curve. 
The individual curves were compared with that of a competitive 
swimmer in order to show the subjects the form that their 
force-time curves should resemble. The position of the body 
in conjunction with the force curves was also explained to 
each person. The subjects each had a least two starts 
recorded and compared. On the second to last training day, 
the subjects started with the gun off the testing block;: but 
no recordings were taken. The final day, the subjects under- 
went the total testing procedure with the gun stimulus and 
the recordings produced. 

Throughout the training program, the subjects were told 
only that a study was being done on the effectiveness of the 
teaching method on learning to sprint start. At no time 
during the training or testing period were they told the true 
reason for the study, and an emphasis was placed on an equal 


number of practice dives off each block. 


IV. TESTING PROCEDURES : 


The Apparatus. The force-platform was placed at the 
edge of the pool in the first lane, and connected to the 


recorder. A plastic sheet covered the electrical connections 
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on the block to prevent them from becoming wet. Prior to 
testing, the baseline was set on the chart paper to corres- 
pond with the bottom of the graph, and was. not altered through- 
out. At the end of each testing day, the force-blocks were 
calibrated using six 50-pound weights - a total of three cali- 


brations were made. 


The Subjects. Prior.to the testing period, the 42 
subjects were randomly assigned to 6 groups of 7 each. Each 
group represented one of the possible six different orders 
of testing of the three angles (A, 0-10-15; A» 0-15-10; 


Az 10-15-0; A, 10-0-15; As 15-10-0; Ag 15-0-10). Immed- 


4 
iately before being tested, the subjects were weighed, and 
their height measured. The starting rules (FINA) were then 
reviewed, and emphasis was placed on the fact that false 
starts were not permissible, and that only 'good' dives would 
be counted. The subjects then had 3 trials at each of the 
3 Bielesiee,ei(0°s4B> 10°, B, 15°) for-a total of 9 dives. A 
few fast strokes .of: front crawl were swum after each start. 
A minimum rest of two minutes was taken between each of the 
GS» starts. The subjects were not permitted to see their 
force-time curves during the testing period. 

Three days were required to test all the 42 subjects. 


On the first day, only 2 subjects were tested; 16 on the 


second day; and 24 on the third day. 


Collection of data. Results were recorded by the appar- 
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atus when the force-block was horizontal to the pool edge and 
when it was tilted at two different angles to the horizontal - 
10 degrees and 15 degrees. The recorder indicated: (1) the 
firing of the gun; (2) the time between the firing of the 
gun and the moment the first measurable pressure was applied 
(horizontal reaction time); (3) the time of application of 
the horizontal component of the force (horizontal movement 
time); (4) the maximum force applied; and (5) the force- 
time curves. Recordings were taken of each subject for each 


pea l. 


Analysis of data. 378 starts were analyzed. The 
recordings for each trial were obtained from the recorder, 
and analyzed for horizontal velocity of take-off, for the time 
of application of the horizontal component of the force, and 


for the maximum horizontal component of the force exerted. 


Hormzontalevelocity.» The total area: (in’ sq. in.) 


under the force-time curves was measured by a Coradi Compen- 
sating Planimeter, and then used, in conjunction with the 
calibrated values, to calculate the velocity of the swimmer 
on leaving the block. 

The basic formula used to determine the velocity was 
Vio= FT/Men wherein Vicequahled othe velocity e(ft/sec«) ,) FI omep-_ 
resented force x time or the impulse (lbs-sec.), and Mg, the 
weight of the person (lbs/ft/sec*). The impulse, in square 


inches, obtained by direct measurement, was converted to 
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Horizontal movement time. To determine the time 


of application of the horizontal component of force, the 
appropriate distance under the curve in millimeters was 
eounted, and then divided by 125, the chart. speed, to obtain 


the reading in seconds. 


Horizontal reaction time. The distance, in milli- 
meters, between’ the’ firing of the’ gun and the first ‘recorded 
force in the horizontal direction was measured, and divided 


by 125 mm/sec. 


Maximum horizontal component OLfLEroree. The maxi- 


mum horizontal component of force was acquired by measuring 
the height, in millimeters, at the highest point of the 
force-time curve, and comparing this distance with the 
calibration graphs in order to convert the reading to lbs. 


HOLGe . 


Statistical treatment. The measurements from the three 
trials off each block angle for each subject were determined 
and then averaged, such that only the means for the 3 block 
angles were compared. The data were statistically analyzed 
in order to determine whether the means of the dependent 


variables, horizontal velocity and time of application of 
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the horizontal component of force varied, significantly when 
the independent variable, the angle of the block, was changed. 
The time between the firing of the gun and the first measure- 
able force, as well as the maximum horizontal component of the 
force exerted, were also analyzed in relation to the angle of 
the block. 

To discover if any significant relationship between the 
independent and 4 dependent variables existed, 4 two-factor 
analyses of variance with repeated measures on the block angle 
were conducted. The effect.of-the group order was.also 
discovered at the same time to see if any order:.was better 
than any other group order. The influence of the order of 
testing in terms:of the first, second, and third angles tested 
was examined by 4 two-factor analyses of variance with 
repeated measures on the testing order. Differences in the 
individual means for each angle or order would reflect: themn- 
selves. in the variation in the .3 means. If the difference 
between the means were not. small, and were of such magnitude 
that it could occur,in less‘ than 5%: of- the cases, then the 
evidence would be sufficient to warrant rejection of the null 
hypothesis and acceptance of the alternative hypothesis that 
there is a significant difference between the effects of the 
block positions on the dependent variable(s) - horizontal 
velocity, time of application of the horizontal component er 
force, reaction time for horizontal movement, and maximum 


horizontal component of force exerted. The Neuman-Keuls 
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a-posteriori test of significance between means was used to 
determine where the differences between means of the 3 treat- 
ments or angles occurred when a significance at the .05 level 


was found from the preliminary analysis. 


Cinematography. Films were taken of one subject's 


starts off the three different block angles. 


Apparatus. The apparatus was set up such that the 
force block was at the edge of the fourth lane. The camera 
was positioned 18 feet away from, and 0.5 feet in front of 


the starting block. 


Subject. The subject was marked with coloured tape, 
in. ther form of «an 'X', ate six: points::+ (1)es the acromtioclavi- 
cuxLatrnu «io imitt; (2) the elbow joint; (30he thee alddiocerpal 
ied mt ; (4) the iliac crest; (5) the knee joint; (6) the 


fateral malleolus. 


Gollection of Data. Results were present.both on 


the chart recorder and on the film for the starts from the 


three angles. 


Analysis of Data. The film of the start was anal- 
yzed to determine: (1) the position of the body at the point 
of the strongest application of the horizontal component of 
the force and immediately after leaving the block; (2) the 
velocity achieved by the swimmer off the blocks; C3) Setare 


movement time; and (4) the reaction time. The velocity, 
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movement time and reaction time 


then compared with those of the 


Body positions. The 


point of the strongest recorded 


fe" 


discovered from the film were 


recorder charts. 


position of the body at the 


application of the horizontal 


component of the force as well as immediately after leaving 


the block were found by comparing the time on the graphical 


record with that on the film. 


Horizontal velocity. 


The segmental method out- 


lined by Hopper and Kane (22) was utilized to determine the 


horizontal velocity of the swimmer after leaving the block. 


Movement time. In order to discover. the movement 


time, tracings were made of the subject when he first moved 


and just. after he had left the block. The time between 


these two frames was then specified as the movement time. 
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CHAPTER IV 


RESULTS AND DISCUSSION 


I. RESULTS 


Force-Block Calculations. 


The means of the horizontal velocities on leaving the 


blocks, horizontal movement times, horizontal reaction 


times, and maximum horizontal components of force for the 42 


subjects on the 3 different block angles are represented in 


Table I. 


Block 
Angle 


‘Oye 
LO? 


1 Sl 


TABLE I 


BLOCK ANGLE MEANS FROM FORCE-TIME GRAPHS 


HontzZontalL Homie Z onusaL Horizontal Maximum 
Velocity Movement Reaction Horizontal 
in ft/sec. , Time in sec. Time in sec. Force-in-lbs. 
¥A056 0.945 gO. 166 240 207 
eeer4 5 Os 33 0.167 233464 
12.6/ O94 ie hoe 244,30 


Horizontal Velocity. The mean velocities for the 3 


trials of each subject at the 3 block angles were calculated 
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(refer to Appendix A). A two factor analysis of variance 
with repeated measures on the block angles revealed a signifi- 
cant difference at the .05 level among the 3 block angles as 
is shown in Table II. A Neuman Keuls test of significance 
revealed that the difference was between the 15° block and 
the 10° block (see Appendix B). The horizontal velocity of 
the subjects on leaving the blocks was thus significantly 
greater from the 15° - angled platform than from the 10° - 
angled one. However, the take-off from the 15° block was not 
significantly faster than that from the flat block; nor was 
the velocity on leaving the flat block greater than that from 
the 10° ee eee No group order was. _found:-to.be signifi- 
eantiv hetter than any other ,order; and the order of testing 
in terms of the first, second and third block positions 
festea did not have any significant effect. on ‘the velocity. 
Typical force time curves for »pthe 3 block angles are 


shown in Figure 6. 


Horizontal Movement Time. A two way analysis of vari- 
ance with repeated measures was completed for the average 
time of application of horizontal force of each subject on 
the UU", 10°, and 15° blocks. Neither group.order ('A‘) nor 
angle ('B') effects were discovered according to Table LIL. 
However, an interaction between the two effects occurred 
(see Figure 7 and 8), On further analysis, (Table LV) ra 
significant difference at the .05 level between the means 


for the 3 angles was present within order A3 Ci0e ts. 0) .an¢ 
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TABLE~I1 


ANALYSIS OF VARIANCE TABLE - COMPARISON OF 


VELOCITY AT THREE BLOCK ANGLES 


Source of Ss df MS F Cvwit. F 
VWertation) a = '.05 
Between Subjects Pa SLOo eel 
nA’ Main Effects 
(Group Order) 4.642 5 0.928 0.488 2.49 
Subjects Within 
Groups 68.465. 36 1.902 
Within Subjects 14.043 84 
'B' Main Effects 
(Block Angle) 1.046 Z OFa23 3.200 3 fA 3 
"A*B' Interaction L234) geen 0.123 th Ree Bs, £.97 


[So ox ),Sup] ect 
Within Group Lis926 65. 12 0.163 
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FIGURE 6: TYPICAL FORCE TIME CURVES FOR THE THREE ANGLES 
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TABLE III 


ANALYSIS OF VARIANCE TABLE - COMPARISON OF 


HORIZONTAL MOVEMENT TIME ON THREE BLOCK ANGLES 


Source of _ ss df MS F NG ce I 
Variation a = .05 
Between Subjects 0.766 41 
‘A’ Main Effects 0,070 5 0.010 0.505 2 5a9 
Subjects Within 
Groups Oe hE6 36 0.020 
Within Subjects 0.142 84 
"B' Main Effects 0.004 2 0.002 23207 Sie AS) 
"A*B' Interaction OOS 10 0.003 pagal i re | io7 


"B' x Sub ect 
Within Groups 0.108 72 0.002 


Within Cell 
Variance 0.824 108 0.008 
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FIGURE 8: 


ANGLE 
INTERACTION- PLOT OF MEANS 'A' AT 'B' 


ANALYSIS OF VARIANCE TABLE 


TABLE IV 


OF ANGLES AT ORDERS 


- COMPARISON 
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Source of Ss df MS F Crt te oF 
Variation a “=95,05 
B at Ay 0.0003686 Z 0.0001843 0.1228 
Bat Ag 0.0028186 Zz 0.0014093 0.9395 
B at A3 0.0102267 2 0.0051134 3.4089 San he 
Bat Ay 0.0165620 2 0.0082810 Se 207 
Beat As 0.0042140 2 0.0021070 Le 404:7 
Bat Ag 0.0001166 2 0.0000583 0.0388 
Within 
Cell 
Variance 0.824 108 0.008 


i 


in order Ay, (10 0 15), but not in any of the other orders. 

In order A3 (10 15 0), the subjects had a significantly longer 
horizontal movement time on the flat block than on the 1D, 
block. However, the time spent applying horizontal force on 
the 15° block was not significantly longer than that spent 
on the 10° platform or shorter than that on the Oc, platform. 
The subjects in order A, C 10,04 15), applied. horizontal 

force for a significantly shorter time on the 10° block than 


Ha fetcher the flat or the 15° block. Table V shows that the 
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TABLE V 


ANALYSIS OF VARIANCE TABLE - COMPARISON 


OF ORDERS AT ANGLES 


Source of Sto df MS F Creer 
Variation ' a= .05 
Apat. <By 0.019273 5 0)7.003385'5 OL5072 

Mat Bo 0.040009 5 0.008002 rr, 0529 Zook 

A at B3 0.022700 3 0.004540 ao TA 

Within 

Cell 

Variance 0.814 108 0,008 


time of application of the horizontal component of force was 
not significantly different on the flat than on the bdo eg 
platform. No significant difference existed between any of 
the means within the treatment angles. An order effect in 
terms of the first, second and third angles tested was 

found (Table VI). The second and third angles at which the 
subjects started resulted in a significantly longer hori- 
zontal movement time than did the first angle to be tested 
according to the Neuman Keuls Test (see Appendix B). However, 


the time spent on the second and third angles did not differ 


significantly. 
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TABLE VI 


ANALYSIS OF VARIANCE TABLE 


EFFECT OF TESTING ORDER 


eS ee ee ee eee 


Source of ss df MS F Gri tea 

Variation a =-0.5 
a ede spe nonncnenmmetnnoineennonninpee 
Between Subjects 0.767 41 
“A? ‘Main Effeats 0.050 5 0.010 ea ound 
Subjects Within 
Groups OL LO 36 OF020 
Within Subjects 0.142 84 
"B' Main Effects 0.018 2 0.009 6.038 a Mi 
"A*B'Interaction 0.016 10 0.002 1.066 Higa Ye 
"B' x Subject 
Within Groups 0.108 iz 07, 002 

Horizontal Reaction Time. No significant difference 


between the treatment (angle) means or between the group 
order means was discovered (Table VII); nor was there any 


effect attributable to the testing order. 


Maximum Horizontal Force. The maximum horizontal force 
exerted by the subjects was not significantly affected by 
either the angle of the block, the group order, or by the 


testing order (Table VIII). 
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TABLE VII 


ANALYSIS OF VARIANCE TABLE 


COMPARISON OF HORIZONTAL REACTION TIME ON THREE BLOCK ANGLES 


Source of ss df MS F crt. F 
Variation a = .05 
Between Subjects 0.024 41 
"A' Main Effects 0.001 a UEO0Gn O77 2249 
Subjects Within 
Groups 0.023 36 O70 01 
Within Subjects 0.013 84 
PAY) Main Effects 0.001 2 O.000 1,359 ep 
"A*B' Interaction OF 002 10 7,000 2: 056 Lod 


Veo x SUD {EGE 
Within Groups 0.011 72 0.000 
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TABLE VIII 


ANALYSIS OF VARIANCE TABLE - COMPARISON OF MAXIMUM 


HORIZONTAL FORCE ON THREE BLOCK ANGLES 


Source of Ss) hae MS F Cristea h, 
Variation ‘ ace 05 


Between Subjects 243625.0007 “FB 


"A' Main Effects 30240 .066 3 60487012" ih. 020 2.49 
Subjects Within 

Groups 213393.9000 36 ee A eo 4 

Within Subjects 18448.000 84 

"B' Main Effects 1197 27003 2 298eq50% (2.731 Be 
"A*B' Interaction 1470. 00g. eel T47_2000* 10,671 1.97 


"RB ix Subject 
Within Groups 15780 .pD0% iz 240109 


Combined Analysis of Start. For one subject, analysis 


was carried out with force-time graphs in conjunction with 


Amt wemMot his stare. 


Force-Time Analysis. From the force-time graphs, the 
following measurements were calculated: (1)shorigontal velo-— 
city; (2) horizontal movement time; (3) horizontal reaction 
time; (4) the time at which no horizontal force was applied; 
and (5) the time at which maximum force was exerted. The 


results of the analysis are shown in Table IX. 
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Cinematographical Analysis. Six aspects of the sprint 


start were measured from the film: (1) horizontal velocity; 
(2) movement time; (3) reaction time; (4) the position of 
the body during the time at which no force was exerted 
horizontally; (5) the position of the body when the maximum 
horizontal force was applied; and (6) the position of the 
body immediately after take-off. 

The horizontal velocity, movement time and reaction 
time were compared with those values determined from the 
force-time graphs (Table X). The body position at twelve 


points along the force-time curve is illustrated in Figure 9. 


TABLE X 


COMPARISON OF DATA FROM FORCE-GRAPHS AND FILM 


Block Horizontal Horizontal Horizontal 

Angle Velocity Movement Time Reaction Time 
in ft/sec. in secs in sec. 

F-G FILM F-G FILM F-G FILM 


0° 132/26), L4,110 (05300 ~'0 27 7 Geb o 6g Oey 6) 07170-062867 
TOF 13.443 132634 0:904 0.85020; $667 0.176 0.170-0.1867 


the T3062. 14.033" 10.9%2. 0266G7-0.6833 0.168 0.1667-0.1733 
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As shown in Figure 10, at the point at which no hori- 
zontal force was applied, the arms were always moving above 
and behind the head. The period over which no horizontal 
force was present was longer on the flat and 10° block than 
on the 15° block (see Figure 11). 

In all cases, maximum horizontal force was exerted by 
the subjects immediately prior to leaving the blocks (Figure 
Pee) ingkigure 22, the ‘body position at take-off is more 
horizontal on leaving the angled blocks than that on leaving 
Bhéestiat? block. 

Of the 42 subjects in the study reported here, 29 were 
asked, after the testing period, which angle of the block 
they liked the most. 13 preferred the steeper angle of 15 
degrees; 7 favoured 10 degrees; 6 liked the flat block; 2 had 


no preference; and 1 sbikedeathesasilantebetter than the flat. 


II. DISCUSSION 


A very limited number of studies (1) have been found 

Gus theseriectivenéss of an angled block for. sprint, starting 
in swimming. The angle's usefulness in track sprint starting 
has been established (17), and blocks have been in use since 
1927, Extensive research has been done to analyze the move- 
ments-and forces exerted in: the track sprint start (3,4,17, 
13,254.20, 26529,31) weine force blocks and cinematography. 
Russell (34,35) appears to be one of the few researchers who 


has used a force platform to study the sprint start in swimming. 
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FIGURE 10: POSITIONS AT WHICH NO HORIZONTAL FORCE APPLIED 
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FIGURE 11: TYPICAL FORCE-TIME CURVES. 
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The main purpose of this study on swim starts was to 
determine the effect of block angle on the horizontal velo- 
city of the take-off and on the time of application of the 
horizontal component of the force applied using a force-block. 
Four two factor analyses of variance with repeated measures 
on the block angle, as well as four two factor analyses of 
variance with repeated measures on the testing order were 


used to analyze the data. 


Horizontal Velocity. A significance at the .05 level 


was discovered among the means for the three angles (0°, 10°, 
and 15°) which was attributed, on further analysis, to the 
difference between the velocities from the 10° and 15° blocks. 
Greater velocity was produced in the horizontal direction 
from the 15° angle than from the 10° angle, but neither velo- 
city from either the 15° block or: the 10° block was. signifi- 
cantly greater or less than that from the flat block. Thus; 
there may be no value in using angled blocks for swim starts. 
The fact that the steeper block resulted in a higher velocity 
cua Luce sitentay rangledslO°-block is dn direct conflict with 
the findings orally reported by various coaches in North 
America and Russia who determined that there was no differ- 
ence between the two angles. However, they did not use a 
force platform or any other device in order to measure the 
velocity of the start; they basedtheir statements on the swim- 
ming times produced over a certain distance after their 


swimmers had started off the angled blocks. The use of swim- 
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ming times is not the most valid criterion on which to base 
one's conclusions as there are many other factors besides 

the start which influence the time a swimmer takes to attain 
a specified distance, Henry (18) found a correlation of 
0.503 between the individual starting impulse and sprint 

time over 10 yards and a correlation of 0.476 when sprinting 
50 yards. He stated that the shorter the distance from the 
block, the greater the influence of the block velocity on the 
observed time scores. 

A swimmer's times over the same distance after taking- 
off from the same block all the time are not generally con- 
sistent to the 1/100th second; thus swimming times cannot be 
considered to be a 'fair' means of comparing the effectiveness 
of two different block angles. 

The horizontal velocity of the swimmers on leaving the 
block was chosen to measure the swimmer's starting ability 
because the main object of the start is to develop, as quickly 
as possible, the greatest horizontal speed before hitting the 
water. The vertical component was not considered as it does 
not contribute to forward motion off the blocks. By increasing 
the time over which the horizontal force is applied, the 
horizontal impulse and thus the horizontal velocity would 
increase. However, there must be an optimum time to develop © 
this force. An overlong time spent in developing force 
could be detrimental to the overall race time, but conversely 


the swimmer with too short a time on the blocks (although 
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considered a fast starter) will result in a quicker but 
weaker start and will be quickly overtaken by the swimmer 
who spends a little longer time developing a greater horizon- 


tal speed. 


Horizontal Movement Time. The significant interaction 
discovered between the group orders and block angles for 
movement time was caused mainly by the significant effect 
due to testing order. The testing order was significant in 
that the first angle to be tested had a shorter horizontal 
movement time than did either the second or third angles. 

In both cases where, on further analysis, a significant 
interaction was found, 10° was the first angle at which the 
two groups were tested, and the horizontal movement time was 
significantly less than that for either the 0° or 15° blocks. 

No significant difference was revealed between the 
horizontal movement times of any of the subjects on the three 


angles. 


Maximum Horizontal Force. The mean maximum horizontal 
force exerted against the blocks did not vary significantly 
between any of the starts from the different blocks. 

Although neither the horizontal movement time nor the 
maximum horizontal force exerted were significantly different 
for any of the angles, the horizontal velocity attained by 
the swimmers appeared to vary significantly between the 10° 
and’ 15° Dbioci’st® * The ‘effect due*'to the 'tes'tine® o'rde'r® for’ ithe 


horizontal movement time had no influence on the horizontal 
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velocity. The testing order was not significant for either 
the horizontal velocity or the maximum horizontal force 
exerted, thus the horizontal velocity must depend more upon 
the horizontal force exerted than upon the amount of time 
during which the horizontal force was applied. Thus, in 
agreement with Russell (35), a knowledge of movement time 
would not be sufficient in order to predict for two differ- 
ent starts which velocity would be greater. As can be seen 
in Table XI, the longest horizontal movement time does not 


correspond with the highest horizontal velocity. 


TABLE XI 


BLOCK ANGLE MEANS FROM FORCE TIME GRAPHS 


Block Horizonta. Horizontal Maximum Horizontal 
Angle Movement Velocity Force 
Time (sec) Crt; sec.) Clbs. roree) 
Ow O79 45-3. (1) 2G. C2) 2465107 (1) 
LO? NL Syn OR, 12.448 (3) 2302. 84) (3) 
1 Hs 0.9408 (2) 2 O12. (1) Ziti gO. (2) 
Reaction time. There was no significant difference 


between the reaction times for any of the three -block slopes. 


Armburster et al. (1) discovered the antithesis of the 
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above results relating to horizontal movement and reaction 
times. They compared the starting times resulting from a 
block angled at 20 degrees to the deck edge with those from 
the ordinary start off the flat edge of the pool. A time 
disadvantage from the blocks was found, and was attributed 
to insufficient mechanics producedby the inclined base of 
support. The fact that all their subjects were competitive 
swimmers may have been a limitation to their study in that 
they would not have been accustomed to starting at an angle, 
and thus the 'newness' of the situation may have causedthe 
time impediment. However, they did not measure the import- 
ance of the angle in terms of either the force exerted or 
the velocity of the swimmer off the blocks. According to 
Henry (18), a short starting time may not be as important 
as a greater impulse produced by a longer time spent on the 
blocks. He also states (19) that reaction time is not 
Significantly related to sprint speed or to movement time. 
It is of interest to note that of the 29 subjects who 
stated a preferred block angle, 12 obtained the highest 
horizontal velocity off the one they liked the best, 6 
produced their second greatest horizontal velocity off their 
preference, and 9 had the lowest velocity on leaving their 


favourite block. 


Cinematographical Analysis vs. Force-Platform Graph 


Analysis. The horizontal velocity determined from the film 


was higher than that from the force-time graphs for the 3 
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angles. Lanier (26) also found the same occurrence when he 
compared the velocity calculated from the track force-blocks 
with that from the cinematographical analysis. Thus, it is 
possible that the values from the force-time curves under- 
estimate the actual horizontal velocity or that those from 
the film analysis overestimate the true value. 

In terms of reaction time, those determined from the 
film corresponded reasonably well with those from the force- 
time graph. It must be noted, however, that the time between 
two frames on the film represented approximately two milli- 
meters in distance on the graph or 0.016 seconds. Thus, an 
exact time on the film for a particular movement could not 
be found. The movement times acquired from the film were 
slightly lower than those from the force-time curves. However, 
if the point at which the recording pen 'tails-off' after 
the subject has left the block were taken into consideration, 
the values for the time of application of force from the two 
methods would probably be in accordance. 

There appears to be no horizontal force exerted during 
mecerrain period of ithe start ~(Picure 11). “ For the starts 
ELomaDotl Chest latewands)u0% blocks; “the length *of the period 
of no applied horizontal force was somewhat similar. However, 
relatively little time was spent on the 15° blocks without 
anys applied horizontal ‘force. itvwould be difficult to 
state whether the steeper angle was the cause of the shorter 


period or whether the difference between the IS’ b lock and 
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both the 10° and the flat blocks was due mainly to chance. 
An analysis of more subjects would be required to answer this 
question. 

When no horizontal force was being exerted, the arms 
were moving above and behind the head - the subject was 
starting with a full arm circle. Russell (35) obtained the 
same results with his subjects when they used both the full 
arm circle and the arms back starts, but not when they 
started with the partial arm circle # Thus, the lack of 
horizontal*force'’may*beepartly ‘attributable to thevtype of 


arm movement as well to as the angle of the block. 
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CHAPTER V 


SUMMARY AND CONCLUSIONS 


I. SUMMARY 


The purpose of the study was to determine the effect 
of the angle of the swim start block on various aspects of 
the start. The horizontal take-off velocity and the time 
of application of the horizontal component of force were 
the main areas of interest; but the horizontal reaction 
time, the maximum horizontal force exerted, as well as the 
positions of the body at certain points during the start 
were reported using both force-time graphs and films. 

42 male subjects who had had no background in conm- 
petitive swimming or starting, participated in the study. 
About half the subjects were beginner swimmers who had 
never dived into water. Naive swimmers were used in order 
to minimize any bias due to previous practice off flat 
blocks. The subjects learned to start properly off the 
training blocks. No time was spent having them practice 
diving off the flat edge of the pool. The training period 
consisted of a total of 14 lessons over a period of 8 
weeks. The swimmers were then weighed and tested. During 
the testing, each subject performed 3 starts off each block 
angle. The average value of the 3 trials per angle was then 


determined and the data analyzed. A force-platform, constructed 
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in the form of a swim start block, was the main apparatus 
used in the testing. The horizontal force exerted against 
the platform displaced the transducer. The change in voltage 
due to the slight movement was amplified within the Beckman 
Dynograph Recorder, and recorded on the graph paper, the 
speed of which was 125 mm/sec. The resulting force-time 
curve was then analyzed for horizontal velocity, horizontal 
reaction time and horizontal movement time, and maximum 
horizontal force exerted. The influence of the block angle 
on the 4 dependent variables as well as the effect of the 
testing order were revealed by means of 8 two factor anal- 
yses of variance. 

One subject's start was filmed in order to compare the 
movement times, the reaction times, and the horizontal vel- 
ocities as determined by the two methods of analysis - by 
films and by force-time graphs. The position of the body at 
the point of maximum horizontal force application, at the 
time immediately after leaving the block, and during the 


period of no horizontal exertion of force were also discovered. 


II. CONCLUSIONS 


In view of the statistical. results, the null hypothesis 
that the horizontal velocity of the swimmer on leaving the 
blocks is not significantly atfected by the three variations 
in angle of the block must be rejected. The 15° angle was 


found to result in a significantly greater horizontal 
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leaving velocity than did the 10° angle. However, the 
horizontal velocity produced from the flat block was not 
Significantly lower than that from the 15° block nor 
significantly higher than that from the 10° block. 

On the basis of this analysis of the swimming sprint 
start, the flat block results in just as fast a start in 
terms of horizontal take-off velocity as do the 15° and 
LO bloeks% 

The null hypothesis that the time of application of 
the horizontal component of force is not significantly 
affected by the three variations in angle of the block was 
justified. The horizontal movement time on the starting 
block did not differ significantly between any of the 
three block angles. The angle thus does not affect the 
Pine. of application of:-the horizontal force. 

It would seem that the ruling by FINA reducing the 
15° angle to a maximum of 10° may well have hindered the 
swimmer in developing a large horizontal take-off speed. 
However, the reasons for lowering the maximum block angles 
were related to the swimmers' difficulty in controlling 
their balance at the start as well as to a tendency to slip 
on the steeper slope, and thus the maximum block angle was 
set at 10°. The results of this study would justify the 
position that there is no advantage to be gained from having 
SLoping Starting blocks. It would’ appear, then, from 4 
construction and cost’ point of view, a flat starting block 


would be desirable. 
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STATISTICAL TREATMENT 


Analysis of Variance. Eight two-way analyses of vari- 


ance with repeated measures were performed in order to deter- 
mine (1) the angle effect and (2) the testing order effect 


(see Winer, p. 302). 
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itwthe observed F ratio was significant at the .05 
level, a Neumann-Keuls Test of Significance was used (see 


Winer. op. 7309 ).. 
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